Seven patients with Ebstein's anomaly were studied by two-dimensional echocardiography, with and without stop-action technique, and by standard echocardiography. Sagittal two-dimensional echocardiograms visualized a small functional right ventricle and a large atrialized right ventricle. These two parts of the chamber were separated by the anterior tricuspid leaflet and its chordae tendineae. The echocardiograms corresponded to the findings of the right ventriculogram.
SUMMARY Seven patients with Ebstein's anomaly were studied by two-dimensional echocardiography, with and without stop-action technique, and by standard echocardiography. Sagittal two-dimensional echocardiograms visualized a small functional right ventricle and a large atrialized right ventricle. These two parts of the chamber were separated by the anterior tricuspid leaflet and its chordae tendineae. The echocardiograms corresponded to the findings of the right ventriculogram.
In horizontal two-dimensional echocardiograms a huge EBSTEIN'S ANOMALY is a congenital deformity characterized by downward displacement of the tricuspid valve into the right ventricle. The septal leaflet, and often the posterior leaflet as well, originate from the wall of the right ventricle instead of arising normally from the annulus fibrosus. The anterior leaflet arises normally from the ring, but the portion of the right ventricle which is above the valve becomes incorporated into the right atrium (atrialized right ventricle). The right atrium is grossly enlarged and the right ventricle is diminished in volume. ' Reports on successful surgical corrections in Ebstein's anomaly2' 3emphasize the importance of a definitive and yet practical method for diagnosing this anomaly preoperatively. In determining the kinds of surgical procedures, information about the sizeand the function of the anterior tricuspid leaflet and the functional right ventricle is desirable. Two-dimensional echocardiography seems most suitable for this purpose. Several reports have been made on the diagnosis of this anomaly by standard echocardiography.4 -In this study two-dimensional echocardiography was performed to obtain the "echo anatomy" of the heart in seven patients with the anomaly. By this method we visualized the atrialized and the functional right ventricles separated by the huge anterior tricuspid leaflet and its subvalvular apparatus. The sinus portion of the functional right ventricle was also shown surrounded by the displaced septal tricuspid leaflet, the interventricular septum (rotated clockwise), and the lateral wall of the right ventricle. Findings by two-dimensional and standard echocardiographic anterior tricuspid leaflet, atrialized right ventricle, and a displaced septal tricuspid leaflet, intervening between the functional right ventricle and the sinus portion of the functional right ventricle, were visualized. The origin of the septal tricuspid leaflet was clearly shown to be abnormal in five cases. The left ventricle was small with distinct clockwise rotation of the interventricular septum. Two-dimensional echocardiography provided information useful in evaluation of the functions of the right ventricle and the tricuspid valve and determination of what surgical procedure to follow. techniques were compared. Structure identification in the two-dimensional echocardiograms was performed through motion-mode studies by selecting indexed locations within the two-dimensional echocardiograms.
Materials
Seven patients with Ebstein's anomaly, confirmed at surgery, angiocardiography, or intracardiac electrocardiography, were studied by echocardiography. The clinical data are summarized in table 1.
Methods
System 1 (Water-coupled Scan) EQUIPMENT A two-dimensional echocardiograph Aloka SSD-10 (manufactured by Japan Radiation and Medical Electronics Co., Mitaka City, Tokyo) was used for recording twodimensional echocardiograms in cases 1 and 2 with a device which controls the brightening period, "the unblanking time," of the display cathode ray tube synchronized with the R wave of the electrocardiogram based on the principles introduced by Kikuchi and his associates.7 A standard echocardiograph, Aloka SSD-5, was connected to Aloka SSD-10 for the time sequence recording of echo motion. The ultrasound beam for recording the standard echocardiogram was superimposed on the two-dimensional echocardiogram as a white line in desired directions. In this way, the geometric relationships between the intracardiac echoes in the standard echocardiogram and those in the twodimensional echocardiogram were determined. A 20 cm focused transducer, 50 mm in diameter, was used at a frequency of 2.25 MHz with a pulse repetition rate of 937.5 Hz. The transducer was driven by a motor in a vinyl water bag, and sector scans were obtained as shown in figure 1A . The transducer assembly (including motor and vinyl water bag) was moved by a hand-operated gear. Therefore movement of the transducer could be precisely controlled in both the sagittal and horizontal planes (with appropriate scales on the equipment).
TECHNIQUE
The patients were examined in the supine postion, breathing normally. The transducer was positioned 10 cm from the chest wall with sonic contact maintained by the transducer being in a vinyl bag containing bubble-free water. The surface of the bag was kept in contact with the skin. In order to record the two-dimensional echocardiogram at any phase of the cardiac cycle, the "unblanking time" of the display cathode ray tube was set at 20 to 50 msec, synchronized with the R wave of the electrocardiogram. EQUIPMENT An echocardiograph Aloka SSD-30B was used for the recording of two-dimensional and standard echocardiograms in cases 3 through 7. Both standard and twodimensional echocardiographic recordings could be viewed on the same or monitor display cathode ray tube by a switching device. This equipment can also be connected to an electrocardiogram gated circuit to obtain a phaseselected two-dimensional echocardiogram ( fig. 2A ). By switching off this electrocardiogram gated circuit, the echo from the intracardiac structure moves during a single scan and thus the kymo-two-dimensional echocardiograms (conventional two-dimensional echocardiograms revealing the movements of the cardiac structures) are obtained. A nonfocused transducer, 10 mm in diameter, was used at a frequency of 2.25 MHz with a pulse repetition rate of 1500 Hz. The scan was manually performed with the aid of a guide arm as shown in figure 2A. This scan system is convenient and delicate adjustments can be made to find the most suitable position for recording the desired structures.
The patients were examined in the supine position, breathing normally. Echo transmission jelly was used to bring the surface of the transducer in contact with the skin. The manual contact scan was performed in a sector or a linear mode. heart beats were required to record a dense picture of the entire heart by this technique. We could continue scanning until any missed area is filled with scan lines.
Kymo-two-dimensional Echocardiography
This method recorded a two-dimensional echocardiogram by a single manual scan without synchronization with the electrocardiogram, i.e., two-dimensional echocardiography without electrocardiographical gating ( fig. 2C ). The movements and locations of the intracardiac structures are revealed in one picture. If the manual scan is performed slowly, the intracardiac structures are visualized as in a slow M-mode scan. Here the locations of the echoes are also visualized. When the manual scan is done rapidly, the picture resembles a single frame from a high speed mechanical sector scanner.
Results

Study on Normal Healthy Subjects
Sagittal and horizontal two-dimensional echocardiograms in normal healthy subjects were recorded for comparison ( fig. 3A, 3B ). In a sagittal section, viewed from the right, recorded at 2.5 cm left of the left sternal border in late systole, echoes from the interventricular septum, and the anterior mitral leaflet were obtained, delineating the left ventricle, left ventricular outflow tract, left atrium, and right ventricular outflow tract ( fig. 3A ). In this section, as is com-mon in normal healthy subjects, the outflow tracts of both ventricles were obliquely recorded and a narrow right ventricular outflow tract was visualized.
A horizontal section, viewed from the caudal side, recorded in the fourth intercostal space in late systole, visualized four chambers of the heart which were separated by echoes from the mitral and tricuspid leaflets and ventricular and atrial septae. The echo from the interventricular septum makes an angle of about 350 to the line of the posterior projection of the left sternal border without showing any abnormal rotation of the interventricular septum ( fig. 3B ).
Studies in Ebstein's Anomaly
Two representative cases examined by either Aloka SSD-10 or Aloka SSD-30B are presented in detail. Echo findings in all the cases are tabulated in table 1. Sagittal and horizontal two-dimensional echocardiograms were recorded in the planes in which the anterior and septal tricuspid leaflets were most clearly visualized, as shown in the diagrammatic sketch of Ebstein's anomaly in figure 4 . Center of ---Sector Scan A FIGURE 2 A) Equipment used in the present studies (system 2). Manual scan was performed with the aid ofa guide arm. The surface of the transducer was brought in contact with the skin with echo transmission jelly. Schemata of the recordings of two-dimensional echocardiograms by system 2 is shown in panels B and C. B) Recording of the phase-selected twodimensional echocardiogram. We held the transducer at the same position during the unblanking time in each heart beat.
The display cathode ray tube was brightened as a single line for each unblanking time. About 100 heart beats were required to record a dense picture ofthe entire heart. We repeated scanning until any missed area wasfilled with scan lines. C) Recording of the kymo-two-dimensional echocardiogram. A single manual scan was performed without synchronization with the electrocardiogram. The movements and the locations of the intracardiac structures are visualized on the same display cathode ray tube. If the scan is performed slowly, the intracardiac structures are visualized as in a slow Mmode scan. If the scan is quickly carried out, the picture resembles a single frame by the high speed mechanical sector scanner. and septal tricuspid leaflets, interventricular septum, and anterior mitral leaflet were recorded and the functional and atrialized right ventricles and the left ventricle were visualized. In panel A, recorded in late systole, the echo from the anterior tricuspid leaflet and its chordae tendineae was visualized coursing ventrocaudally from the echo of the interventricular septum, into which echoes from the margins of the anterior and septal leaflets fused. In panel B in late diastole the anterior tricuspid leaflet was visualized in a widely opened position almost in contact with the echo from the anterior right ventricular wall. In figures 5A and 5B the large atrialized right ventricle was visualized dorsal and slightly caudal to the anterior tricuspid leaflet and its chor-dae tendineae, and the functional right ventricle and its outflow tract were visualized cranial to this valve apparatus.
The movement of echoes in the two-dimensional echocardiograms were also studied. Standard echocardiograms shown in figures 5-C and 5-D were recorded with the ultrasound beam in the plane defined by the black and white lines in figures 5-A and 5-B. These lines penetrated the tricuspid valve, interventricular septum, and mitral valve. By referring the standard echocardiographic observations to the two-dimensional picture it was shown that the beam penetrating the margin of the anterior tricuspid leaflet most effectively revealed the largest amplitude of movement (fig.  5C ). This picture also showed the leaflet's contact with the 72 CIRCULATION EBSTEIN'S ANOMALY BY 2-D ECHO/Malsumoto et al.
interventricular septum during systole, and its diastolic plateau-like pattern, which was almost buried in the echo from the anterior right ventricular wall. In the standard echocardiogram in panel D, a beam penetrating nearer the chordae tendineae showed a smaller amplitude of movement and a clear incisura in the latter one third of diastole in the echo curve of the anterior tricuspid leaflet. As the beam was directed more caudally, the two peaks in diastole in the echo curve of the chordae tendineae of the anterior tricuspid leaflet became more apparent. The incisura deepened as the leaflet decreased its amplitude and moved away from the interventricular septum. At the same time the echo curve of the posterior atrialized right ventricular wall was visualized behind that of the chordae tendineae.
Sagittal Sections and Right Ventriculogram
Sagittal two-dimensional echocardiograms and a right ventriculogram of this case (A.K.) showed good correspondence with each other (panels A and E, fig. 5 ). In the ventriculogram an obvious difference in opacification was observed between the functional and the atrialized right ventricle separated by the huge anterior tricuspid leaflet and its support apparatus. The functional and the atrialized right ventricles and the intervening huge anterior tricuspid leaflet were also visualized in the sagittal two-dimensional echocardiogram, corresponding well with the right ventriculogram.
Horizontal Sections
Phase-selected horizontal two-dimensional echocardiograms were recorded in the fourth intercostal space, through the left anterior chest wall, in late diastole and late systole ( fig. 6 , A and B) at the level defined by the horizontal line in figure SF . In the two-dimensional echocardiogram during late diastole, panel 6A, the annulus at the anterior tricuspid leaflet, the interventricular septum, the interatrial septum, the enlarged right atrium, atrialized and the functional right ventricles and the small left atrium were visualized. An abnormal septal tricuspid leaflet was clearly shown to originate from a muscular portion of the interventricular septum, i.e., more downward and leftward than in normal subjects. It was difficult to show separation of the anterior leaflet from the anterior right ventricular wall and from the interventricular septum in the two-dimensional echocardiogram. Compared with the septum in normal subjects ( fig. 3B ), the interventricular septum in this case showed a marked clockwise rotation, being parallel to the anterior chest wall or even rotated more posteriorly. Recognition of this rotational movement helped us to identify the septum, which was closer to being perpendicular to the transducer.
The echo from the interatrial septum was located deep in the cardiac structure due to right atrial enlargement. The sinus portion of the functional right ventricle, surrounded by the echoes from the abnormal septal tricuspid leaflet, the interventricular septum, and the lateral wall of the right ventricle, was also visualized.
In horizontal section recorded in late systole (panel B), an interruption was clearly visualized in the echo of the interatrial septum indicating an ostium secundum atrial septal defect. This defect was more clearly visualized in systole than in diastole due to the leftward shift of the interatrial septum in systole.", 12
The standard echocardiograms (figs. 6C through F) were recorded by ultrasound beams whose directions are indicated from the lines in panel A. These lines penetrated the annulus, the body (i.e., a portion between annulus and margin), the margin, and the chordae tendineae of the anterior tricuspid leaflet, respectively. By a combined observation of the two-dimensional and the standard echocardiogram, the movement of the echoes in the twodimensional echocardiogram penetrated by these lines can be well understood. In figure 6C of the anterior tricuspid leaflet and the interatrial septum were recorded and 6D illustrates those of the body of the anterior tricuspid leaflet and the interatrial septum.
In panel E echo curves of the margin of the anterior and septal tricuspid leaflets, the interventricular septum, and the anterior mitral leaflet were visualized. In this figure the echo curve of the anterior tricuspid leaflet is buried in the echo from the anterior right ventricular wall in diastole. The echo curve of the interventricular septum, which follows behind the echo curve of the anterior mitral leaflet, revealed a characteristic biphasic movement. It stayed close to the chest wall in systole and moved further from the chest wall in diastole. In the echocardiographic recordings from the left intercostal space, the interventricular septum followed behind the anterior mitral leaflet, but the interatrial septum did not. Another difference between the two septae in motion mode echocardiography was that, with a proper adjustment of echo strength, the interventricular septum could be recorded as two thin layers. This could not be done with the interatrial septum because it is relatively much thinner. We could also visualize the membranous portion of the interven-tricular septum in the two-dimensional echocardiography, and so the interatrial septum, which is just to the right of this portion, could be differentiated from the interventricular septum. Figure 6F demonstrates recordings of an echo curve of the chordae tendineae of the anterior tricuspid leaflet, with its large amplitude and rapid movement, and another echo curve of the chordae tendineae of the abnormal septal tricuspid leaflet, with small amplitude of movement. 
A contact sector scan was performed placing the probe in the third intercostal space at the left parasternal line ( fig. 8 ).
In a stop-action transverse section (panel A) the anterior tricuspid leaflet was visualized in its opened and closed positions due to its movement during the 30 msec in early systole. This double positioning in the echocardiogram was caused by the delayed closure of the anterior tricuspid leaflet. This is evident in the time sequence recording of the anterior tricuspid leaflet in figure 8A ', which was recorded with the beam direction shown by the white line in figure 8A . The interatrial septum with an ostium secundum defect, the interventricular septum, and the four chambers of the heart, together with the atrialized right ventricle and the sinus portion of the functional right ventricle, were also visualized.
Figures 8B and 8C are kymo-two-dimensional echocardiogram and M-mode scan, respectively, corresponding to the phase-selected two-dimensional echocardiogram in figure 8A .
Discussion
The echocardiographic examination has proved its usefulness in the diagnosis of congenital heart diseases.8' 10-15 Its disadvantages include the fact that the sternum, ribs, and air in the lung interfere with ultrasonic wave transmission into the heart. In Ebstein's anomaly, however, a wide area of the heart in contact with the left anterior chest wall provides a window through which one can better observe intracardiac structures. The standard echocardiographic features in Ebstein's anomaly have recently been reported by Crews et al.,4 Lundstrdm5 and Tajik et al.' Standard echocardiography is suitable for recording the movement of echoes from cardiac structures, but the course and spread of echoes and also the interrelations of neighboring echoes from cardiac structures are not defined by standard techniques.
The combined use of the two-dimensional and standard echocardiography seems most preferable for the evaluation of the functions of the anterior tricuspid valve and the functional right ventricle in Ebstein's anomaly. Kymo-twodimensional echocardiography reveals the spread and movement of echoes from the heart in one picture, while the Mmode scan effectiveiy demonstrates continuity and movement of echoes from the heart. But the M-mode scan has two shortcomings. Scanning at varying speeds produces inconsistent visualization of the spread of cardiac structures. In addition, the angulation of the probe causes overestimation of the depth (with respect to the chest wall) of the structures reflecting the echoes.
We have encountered difficulty in visualizing the anterior tricuspid leaflet in Ebstein's anomaly by phase-selected twodimensional echocardiography since the movement of the anterior tricuspid leaflet is large and rapid with little or no incisura between the two peaks in diastole. In addition the echo from the leaflet readily comes into contact with the anterior right ventricular wall in diastole and with the interventricular septum in systole. Actually the rapidly moving (within the unblanking time of 30 msec) echo from the same structure is recorded at two different positions ( fig.  8A ). Kymo-two-dimensional echocardiography visualizes clearly the movement and spread of the huge anterior tricuspid leaflet in Ebstein's anomaly. In addition, we can change the speed of the scan easily with this method. There are two newly developed techniques which are suitable for visualizing quickly moving structures: one is the electronic scan16-1 and the other is the high-speed mechanical sector scan. '9' 20 The picture produced by the former method, using 20 or 24 small transducers in an array, lacks detail. The continuities of echoes are not clearly visualized. The latter method is good but has the disadvantage that the arc through which the transducer is angled is quite narrow (300 or 450). The field of view obtained is particularly narrow, near the chest wall, and the entire heart structure is not visualized. An improvement to widen the arc of transducer angulation is being developed. 
